In contrast to the matrix-based PRC simulations, which used uniform regional distributions of O 2 and N 2 , the archived APO Transcom forward simulations were forced by fine-scale (0.5 x 0.5 degree) monthly mean air-sea flux distributions (interpolated by APO Transcom from the original 1.125 degree resolution of Garcia and Keeling [2001] ). The simulations were run by each participating model group with the fluxes turned on for the first year and turned off for the last two years. The resulting ATM atmospheric O 2 and N 2 fields in ppm were sampled in each of the 36 months of the simulations at 253 monitoring sites. The steady-state response, i.e., the mean seasonal cycle, was computed by summing all Januaries, Februaries, etc., for the three years. Conceptually, this calculation assumes that the ATM behaves linearly and that the steady-state response can be represented as the sum of the response to the fluxes from the present year, the past year, and two years previously, which correspond to the first, second, and third years of the simulations, respectively.
In using the archived APO Transcom results, it was necessary to account for several irregularities. First, the JMA O 2 and N 2 results were multiplied by 10 6 to convert to ppm units. Second, TM3 ran all 36 months with pulses on, so instead of summing all 3 sets of Januaries, Februaries, etc., the mean annual cycle was calculated based on the third year of the simulation alone. Finally, GISS UCI in principle was a 10 th model that participated in both T3L2 and APO Transcom, but in practice it could not be used because only the first (pulse-on) year of GISS UCI output was submitted to APO Transcom. At most extratropical stations, the σ prc /σ fs ratios are < 1 in Table S2 , suggesting that the Pulse Response Code tends to underestimate the true APO amplitude from the forward simulations. This may be due to the uniform flux distributions assumed across Transcom regions, which could smooth out hotspots for O 2 air-sea flux that may lead to more intense peaks in true APO. Although the PRC vs. FS comparison is purely model based, the timespan used to compute the observed mean APO seasonal cycle at the 5 selected stations shown in the main text is also listed in Table S2 . [Taylor, 2001] illustrating the correlation in in phase, shape and amplitude between the pulse-response code and the archived T3L2 forward simulations for the 9 ATMs participating in APO Transcom, forced by monthly mean O 2 and N 2 fluxes from the monthly flux climatology of Garcia and Keeling [2001] . The reference point at a radius (amplitude ratio) of 1 and correlation coefficient (angle) of 1.0 represents perfect agreement with the forward simulation. Each symbol on the Taylor diagram represents one of 16 sampling sites, color coded by latitude (blue = <-25S, cyan=southern tropical, magenta = northern tropical, red = >25N), which are labeled by 3-letter station code where legibility permits.
